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I. Introduction 

/ S a t e l l i t e  1963 38C w a s  designed and b u i l t  by the  Applied Physics 
-7 

Laboratory of the  Johns Hopkins University../ The purpose of t h i s  document 

i s  t o  describe the s a t e l l i t e  and, i n  p a r t i c u l a r ,  i t s  complement of charged 

p a r t i c l e  detectors  i n  s u f f i c i e n t  d e t a i l  t h a t  in te res ted  s c i e n t i s t s  can make 

use of data which have been t ransferred t o  the NASA Space Sciences Data Center 

a t  Goddard Space F l ight  Center .  The s a t e l l i t e  has now been operating over two 

years, and during t h i s  period there have been several  occasions when, for  one 

reason o r  another, some of t h e  data have been unrel iable .  I n  the following 

sec t ions  we w i l l  t r y  t o  point  out some of these occasions and t o  explain them 

when possible.  However, it i s  hoped t h a t  anyone wishing t o  use these da ta  w i l l  

become thoroughly familiar with the instruments and t h e i r  "normal" behavior i n  

d i f f e r e n t  regions of space and w i l l  no t  attempt t o  use i s o l a t e d  d a t a  points .  

This i s  important because t h e  data  have not been ed i ted ,  nor can we guarantee 

t h a t  a l l  possible d i f f i c u l t i e s  have been discovered. GPO PRICE !6 

CFSTI PRICE(S) $ 
11. General Information - 1963 38c 

J ' . ( j  0 Launch Time:  2022 UT, 28 September 1963 Hard copy (HC) 

Launch S i t e :  Vandenberg ARB, California  Microfiche (M F) ' t- 33 
I n i t i a l  Orbit: 28 September 1963 ff 653 July65 

Semimajor a x i s  1.17312 e a r t h  radii* 

Eccent r ic i ty  0.00311 
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Inc l ina t ion  89.94 degrees 

Time of Perigee 82.234 kiloseconds 

Argument of Perigee 279.998 degrees 

Longitude of Ascending 12.323 degrees 
Node 

Apogee Alt i tude 608 nau t i ca l  miles 

Perigee Alt i tude 583 nau t i ca l  miles 

Period 107.3 minutes 
* 
1 e a r t h  radius 3443 naut ica l  miles 

Note: The e a r t h ' s  motion about t he  sun produces an apparent 

precession of t he  o r b i t  plane with respect  t o  the  

earth-sun l i n e  of about one degree per  day i n  a 

wester ly  d i rec t ion .  The o r b i t  plane contained the  

earth-sun l i n e  on 4 October 1963. 

S a t e l l i t e  Character is t ics :  

Weight 

Power Supply 

Transmis s ions 

A diagrammatic view of t he  s a t e l l i t e  

i s  shown i n  Figure 1. 

133 pounds 

So la r  cells on four blades and N i - C d  

b a t t e r i e s  . 
A. Doppler Transmitters ( f o r  t racking)  

1. 162 ~ h ,  0.250 w a t t s  

2. 324 Mh, 0.500 w a t t s  

B. Telemetry 

r-f c a r r i e r  - 136.650 Mh, 0.750 

w a t t s .  The c a r r i e r  i s  phase 

modulated by each of 2 subcar r ie r  
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o s c i l l a t o r s  (maximum excursion 

f 1 radian)  

1. 10.3 kh S C O  - c a r r i e s  d i g i t a l  

information a t  t h e  rate of 195.3 

bits/second using an NRZ code with 

low band edge represent ing a d ig i -  

t a l  zero and high band edge a 

d i g i t a l  one. * 6% frequency 

deviat ion i s  used. 

5.4 kh S C O  - pulse amplitude modu- 

l a t e d  t o  f 6% frequency deviat ion 

t o  ca r ry  information from one of 

two 33 channel commutators. Cornu- 

t a t i o n  cycle i s  - 25 seconds. 

M i n i m u m  dwell t i m e  on any one 

funct ion is 0.48 seconds. 

2. 

Att i tude  Stab ili zat  ion: 

The spacecraft  is magnetically s t a b i l i z e d  by a cy l ind r i ca l  ba r  

4 magnet with a dipole  moment of 9.6 x 10 

symmetry ( Z )  a x i s  of the satell i te.  

a f i e l d  of 0.315 gauss is  7.36 minutes. 

rods a re  i n s t a l l e d  i n  the solar c e l l  blades t o  provide sp in  and 

o s c i l l a t i o n  damping. The amplitude of the  r e s idua l  o s c i l l a t i o n s  

i s  l a t i t u d e  dependent, being l a r g e r  at  the  equator, and has been 

t y p i c a l l y  l e s s  than 60. 

pole-cm p a r a l l e l  t o  the  

The period of o s c i l l a t i o n  i n  

Four magnetic hys t e re s i s  

The measured angle between the  f i e l d  and 
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the  alignment ax is  during a pass three days a f t e r  launch i s  shown 

i n  Fig. 2. 

Att i tude Determination: 

A three-axis f l u x  gate magnetometer system i s  used t o  measure 

the deviat ion of the  alignment ax is  from t h e  f i e l d  d i rec t ion .  No 

azimuthal measurements a re  made. 

111. Telemetry and Data Systems 

A de ta i led  descr ipt ion of t h e  satel l i te  telemetry system and t h e  

data processing system i s  of no par t icu lar  value s ince only da ta  from the  

charged p a r t i c l e  de tec tors  and relevant a u x i l i a r y  da ta  a re  contained on 

Dictionary I1 tapes.  The following is  therefore  l imi ted  t o  the aspects of 

t h e  system which are d i r e c t l y  per t inent  t o  the use of the  p a r t i c l e  de tec tor  

data .  

A. S a t e l l i t e  Telemetry System 

The s a t e l l i t e  d i g i t a l  encoder contains a synchronizing word 

generator (16 b i t s ) ,  a frame counter (16 b i t s ) ,  and 14 data r e g i s t e r s  of 16 

b i t s  each. The da ta  r e g i s t e r s  serve both as accumulators ( s c a l e r s )  and s h i f t  

r e g i s t e r s  (during the  readout cycle). The encoder contents are sh i f ted  out 

sequent ia l ly  and continuously. Although the bas ic  message length ( subframe) 

i s  256 b i t s ,  there  are 25 output l i n e s  from de tec tors  and only 1-3 r e g i s t e r s  

avai lable .  Therefore, 12 r e g i s t e r s  a r e  time shared and a complete frame 

c o n s i s t s  of 2 subframes (512 b i t s ) .  The subframes a re  i d e n t i f i e d  i n  the 

synchronizing word. The remaining d a t a  r e g i s t e r  i s  used f o r  t e l l t a l e s  ( 8  

b i t s )  and t o  count the output of an A/D converter used t o  d i g i t i z e  the 



The Johns Hopkinr University 
APPLIED C W V I I C I  LABORATORV 

Silver Spring, Maryland -5- sip-86- 65 

I analogue functions from a 35-channel commutator, The frame counter increments 

i n  subframe A and repeats  i n  subframe B. The cycle t i m e  f o r  the  frame counter 

i s  therefore  CY 1.73 days, bu t  it can be used t o  v e r i f y  timing over a much longer 

period by simply counting the  ttrollovers.tt Note: When t h e  s a t e l l i t e  i s  i n  the  

"solar only" mode, most of the instruments, including the  frame counter, a r e  

inoperative during periods of darkness. 

The satel l i te  contains two 33-channel commutators. The output 

of #1 i s  normally d ig i t i zed  and read out as p a r t  of t h e  d i g i t a l  message, one 

channel per  subframe. Commutator #2 i s  normally read out i n  analogue form on 

a separate  subcar r ie r  a t  twice the r a t e  of 81. However, t he  two commutators 

can be switched on command, and the  analogue commutator can be stopped on any 

channel f o r  continuous monitoring. 

The sampling r a t e  and accumulation t i m e  f o r  each de tec tor  i s  as 

follows : 

D e t  e c t or  Sampling Rate Acc. Time 

Electron Spectrometer (10 channels) 22.9 min-l 1.23 see 

Proton Spectrometer 90° ( 6  channels) 22.9 min-l 0.82 sec 

Proton Spectrometer 180° ( 6  channels) 22.9 min-' 0.82 see 

Omnidirectional Detector A (1 channel) 45.8 min 1.23 sec 
-1 

Omnidirectional Detectors B&C ( 2  channels) 22.9 min-' 1.23 sec 

The aux i l i a ry  information which i s  normally presented with t h e  

d a t a  and sampling r a t e  i s  given below. 

Function 

+ 6 v .  

- 6 V. 

Electron Detector Temp. 

Sampling Rate 

-1 

-1 
1.2 min 

1.2 min 

1.2 min-L 
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Function Sampling Rate 

Omnidirectional D e t .  Temp. 1.2 min-L 

X-magne t ome t er 2.4 min-l 

Y -magne t ome te r  2.4 min-' 

Z-magne t ome t er  2.4 minwL 

B. Telemetry S ta t ion  Network 

The network of receiving s t a t i o n s  which have supported 1963 38c 

are l i s t e d  be l a r .  

l i f e  of the  spacecraf t .  

d a t a  tapes.  

Not a l l  of these s t a t i o n s  have been ac t ive  during the  e n t i r e  

The APL number i s  used t o  i d e n t i f y  the  s t a t i o n s  on t h e  

APL No. 

003 

008 

014 

502 

310 

342 

577 

667 

764 

767 

770 

775 

776 

777 

779 

780 

Location 

Las Cruces, New Mexico 

Sao Jose dos Campos, B r a z i l  

Anchorage, A l a s k a  

APL, Howard County, Maryland 

South Point,  H a w a i i  

Ascension Is land  

Salisbury, S. Rhodesia 

Pretor ia ,  S. Africa 

Fort Myers, F lor ida  

Quito, Ecuador 

Santiago, Chile 

College, Alaska 

E. Grand Forks, Minnesota 

Winkf i e l d ,  England 

Mojave, C a l .  

Woomera, Aus t ra l ia  
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C .  AF'L Data Processing System 

In  order t o  understand t h e  d a t a  as presented i n  the  Dictionary I1 

format supplied t o  t h e  Data Center, a brief descr ip t ion  of the  system i s  necessary. 

Per iodical ly ,  antenna point ing in s t ruc t ions  are computed f o r  a l l  

ac t ive  receiving s t a t ions .  The program computes in s t ruc t ions  f o r  a l l  passes 

above the  horizon f o r  each s t a t i o n  and assigns each pass a s e r i a l  number. For 

each pass an IBM card is  produced which contains pass serial no., sa te l l i t e  no., 

s t a t i o n  no., day no., year r iset ime (UT), and sunl ight  ind ica tor .  The sa te l l i t e  

number f o r  1963 3 8 C  i s  63032. The statement concerning sun or shade r e f e r s  t o  

t h e  r iset ime of t he  pass,  i . e . ,  the  satel l i te  may pass i n t o  or out of darkness 

during the  pass. Since only a f r ac t ion  of possible  passes are observed, t h e  

pass  s e r i a l  numbers ( i n  o c t a l )  on Dictionary I1 a r e  not consecutive and may have 

la rge  gaps. 

When r a w  da t a  from the s t a t i o n s  a r r i v e s  at  AF'L, t h e  passes are 

matched with t h e i r  serial numbers and sen t  t o  the  Pulse Data Processor (PDP). 

The PDP performs the  following functions: 

f i c a t i o n  information, (2 )  f o r  d i g i t a l  information, makes pos i t ive  "1" or "0" 

b i t  i den t i f i ca t ion ,  ( 3 )  d i g i t i z e s  analogue data ,  ( 4 )  decodes s t a t i o n  time and 

(1) suppl ies  header and pass iden t i -  

c o r r e l a t e s  it with t h e  data ,  ( 5 )  indicates  periods of noisy data.  Considerable 

emphasis has been placed on the  accurate co r re l a t ion  of time with the  data. The 

t i m e  of the  beginning of each subframe i s  genera l ly  determined t o  within -10  

mill iseconds and i s  used i n  the  ephemeris computation. The t i m e  given i n  

Dict ionary I1 may be rounded t o  the nearest  second. 

The output of t he  PDP i s  run through a shor t  program on the  IBM 

1401 computer i n  which the  pass iden t i f i ca t ion  is  checked aga ins t  the cards 

produced i n  the  preparat ion of antenna pointings.  Additional header information 
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i s  supplied at t h i s  point  including s p e c i a l  t i m e  cor re la t ions  f o r  s t a t i o n s  

not equipped with automatic time code generators.  

Following t h i s  s t e p  the  tapes  are processed through t h e  Dictionary 

I program on the  I B M  7094 computer. This program decommutates the  d i g i t a l  message 

and organizes the  da ta  together with t i m e ,  noise f lags ,  e t c . ,  and prepares a l i s t -  

i n g  and the  Dictionary I output tape. The d ic t ionary  format i n  use a t  APL i s  a 

scheme of i n d i r e c t  addressing which eases programming and s torage and r e t r i e v a l  

problems. The Dictionary I tape i s  t h e  bas ic  r a w  d a t a  storage medium, and as 

such, i s  always duplicated,  one copy serving as a working tape  and t h e  other 

as an archive copy. Note t h a t  t h e  processing through Dictionary I has not 

purposely a l t e r e d  t h e  r a w  data i n  any way. No correct ions have been made. The 

r a w  d a t a  have simply been correlated with time and s tored i n  an accessible  format. 

A t  t h i s  point,  t h e  data en ter  a complex of programs ca l led  Dictionary 

11. The p a r t i c l e  de tec tor  da ta  are converted from counts/frame t o  counts/second 

and corrected for instrument dead t i m e ;  s t a t i s t i c a l  uncer ta in t ies  are computed; 

a u x i l i a r y  data are converted t o  appropriate u n i t s  of voltage,  temperature, and 

magnetic f i e l d ;  o r ien ta t ion  angles are computed; and the s a t e l l i t e  ephemeris i s  

cor re la ted  with t h e  data.  The ephemeris i s  derived from the  Doppler t racking 

system developed at APL. Orbit determinations are made a t  i n t e r v a l s  of 1 t o  2 

weeks and t h e  Kepler elements a r e  used i n  the Dictionary I1 program t o  generate 

t h e  ephemeris. S a t e l l i t e  pos i t ion  i s  computed a t  t h e  beginning of each f u l l  

frame (i .e. ,  at 2.62 second in te rva ls )  and McIlwain's program No. C 3 ,  as ob- 

t a i n e d  from the  Gcddard Space Flight Center i n  1962, i s  used t o  compute B and 

L f o r  each posit ion.  The error i n  s a t e l l i t e  pos i t ion  i s  estimated t o  be always 

less than 10 km, and general ly  much b e t t e r ,  excluding occasional gross e r r o r s  

i n  timing. The e r r o r  estimate includes the  e f f e c t  of in te rpola t ing  between the 
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r e l a t i v e l y  infrequent s e t s  of Kepler elements. The acceptable e r r o r  i s  s e t  

by de tec tor  accumulation t i m e s  (- 1.2 see)  and satel l i te  ve loc i ty  (- 8 km/sec). 

Estimates of e r r o r s  i n  B and L have been discussed by McIlwain. 
* 

A complete l i s t  of the information of i n t e r e s t  t o  the  user  which 

i s  contained on a Dictionary I1 tape i s  given below. This i s  information f o r  

t h e  user;  format information for computer programming w i l l  be ava i lab le  a t  t h e  

Data Center. 

1. Header Record - The header record appears at the  beginning 

of each pass and contains the  following information: 

a. S t a t ion  number 

b. S a t e l l i t e  number 

c. Year 

d. Day number (UT)  

e. Pass r iset ime (UT) 

f .  Sun o r  shade ind ica tor  

g. Pass serial number 

h. Kepler o r b i t  - epoch, s e m i - m a  j o r  ax is ,  eccen t r i c i ty ,  

incl inat ion,  longitude of ascending node, argument 

o r  perigee, mean anomaly, precession of node, pre- 

cession o f  perigee.  

Longitude of Greenwich a t  0 hrs  UT on t h e  day of t h e  i. 

data .  

* 
C.  E. McIlwain, "Pract ical  B-L Space Model" presented a t  the Advanced 

Study I n s t i t u t e ,  "Radiation Trapped i n  t he  Ear th ' s  Magnetic Field,  'I August 
16 through September 3, 1965, Bergen, Norway. 
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2. Common Record - The common record appears once f o r  each 

fill frame of da ta  (i.e.,  subframes A and B)  and contains 

information which appl ies  t o  t h a t  frame. 

a. 

b. 

C.  

d. 

e. 

f .  

g- 

h. 

Frame number 

Beginning t i m e  ( i n  seconds UT) of subframe A (or 

B i f  A i s  missing). 

Lat i tude of s a t e l l i t e  a t  above time i n  degrees. 

Longitude of sa te l l i t e  a t  above t i m e  i n  degrees. 

Al t i tude  of s a t e l l i t e  a t  above time i n  degrees. 

Magnetic f i e l d  value a t  sa te l l i t e  pos i t ion  i n  gauss. 

L-value a t  s a t e l l i t e  pos i t i on  i n  e a r t h  r a d i i .  

Information word - ind ica tes  d a t a  which i s  absent 

o r  has been deleted,  and the  reasons. 

3. Subframe A 

a. 

b. 

C. 

d. 

e. 

f .  

g. 

h. 

i. 

j. 

k. 

1. 

90" proton spectrometer channel 1 corrected counting 

r a t e .  

90" proton spectrometer channel 1 s t a t i s t i c a l  uncertainty.  

11  11 I? 2 ccr 

11 11 11 11 su  

11 11 11 3 ccr 

11 11 11  11  su 

11 11 I 1  4 ccr 

11 11 I 1  I 1  su 

11 11 11 5 ccr  

11 I 1  11 I 1  su 

'' 6 ccr 11 11 11 

I 1  I1  11 I? su  
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m. Omnidirectional detector  A c c r  

n. Omnidirectional detector  A su 

0. 

P* 

99 

r. 

S. 

t. 

U. 

V. 

W. 

X. 

Y. 

Z .  

Electron spectrometer channel 1 c c r  

11 ?I 11 su 

?I 
I' 2 c c r  

I 1  su 

I 1  

I? ?I 

11 I 1  3 ccr  

11 I 1  su 

I' 6 ccr  

?I 

11 I? 

11 I? I 1  su 

11 11 7 ccr  

11 su 

8 ccr  

11 

11 11 I 1  

I 1  11 

11 I ?  su 11 

4. Subframe B 

a. 

b. It su 

C. 2 ccr  

d. It su 

e. 'I 3 ccr  

f .  su 

g *  4 ccr  

h. su 

i. 5 ccr  

j. su 

180' proton spectrometer channel 1 ccr  

11 I 1  11 

11 11 ?I 

I 1  11 11 

I? 11  

I 1  11 1 1  

11 I? 11 

11 I 1  11 

11 I1 I 1  

11 11 I 1  11 
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k. 

1. I '  su  

180° proton spectrometer channel 6 ccr 

I t  11 I I  

m. Omnidirectional de t ec to r  A cc r  

I t  11 n. su 

11 11 0. B cc r  

11 11 P* If su 

II 11 C cc r  
9. 

r. I t  I t  su I I  

s. 

t. 11 su 

U. 5 cc r  

V. I I  I t  su 

W. l 1  9 cc r  

Electron spectrometer channel 4 cc r  

I I  11 

I t  11 

I1 11 

11 11 

I I  11 11 I t  su X. 

I t  I I  Y* 10 c c r  

11 11 I t  Z. s u  

5. C o m t a t o r  record - The commutator record appears pe r i -  

od ica l ly  through t h e  pass and contains t h e  following 

information: 

a. t i m e  of magnetometer d a t a  

b. X-magnetometer i n  gauss 

c. Y-magnetometer i n  gauss 

d. Z-magnetometer i n  gauss 

e. (X2 + Y2 + Z ) = B measured 

f .  B measured/B ca lcu la ted  

2 1/2 

g. alpha - angle between Z axis and (degrees) 
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h. b e t a  angle between e lec t ron  spectrometer (a.nd 

90" proton spectrometer) and B" (degrees) 

e l e c t r o n  detector temperature (degrees F. ) 

Omnidirectional de tec tor  temperature (degrees F. ) 

i. 

j. 

k. + 6 v. l ine  

1. - 6 v. l i n e  

I n  the  preceding l i s t  "corrected counting r a t e "  ( c c r )  means that  

the  r a w  counts/frame ( C )  have been converted t o  counts/sec ( N )  and corrected 

f o r  instrument dead t i m e .  The dead time correction is  

N 
1 - N p  ccr  = 

where p = lops f o r  the  e lec t ron  spec t romter  and omnidirectional detectors ,  and 

p = l3ps f o r  the  proton spectrometer. 

The s t a t i s t i c a l  uncertainty (su) i s  obtained simply by assuming 

Poisson s t a t i s t i c s  apply, i . e . ,  

c c r  

s' =F 
Detector channels are explained i n  the next sect ion.  

IV. Charged P a r t i c l e  Experirnents 

S a t e l l i t e  1963 3 8 ~  contains an i n t e g r a l  e lec t ron  spectrometer, a 

d i f f e r e n t i a l  proton spectrometer, and a s e t  of omnidirectional detectors .  A l l  

of these  instruments u t i l i z e  so l id  state detectors ,  and they are  described i n  

d e t a i l  beluw. 

A. I n t e g r a l  Electron Spectrometer 

Five lOOOp surface barrier s o l i d  state de tec tors  make up the  

e l e c t r o n  spec t romter .  These uni t s  are mounted i n  ceramic r i n g  transmission 
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mounts and are biased t o  f u l l  depletion. While f u l l  deplet ion occurs a t  - 160 
v o l t s ,  a b i a s  vol tage of 200 v o l t s  is used t o  ensure f u l l  deplet ion across  t h e  

a rea  of the de tec tor .  

The de tec tors ,  the  various f o i l s  used and the two discr iminator  

l e v e l s  of 250 kev and 1 Mev (used as a single-channel analyzer) y i e ld  t h e  

p a r t i c l e  response cha rac t e r i s t i c s  shown i n  Table 1. Also  shown are various 

per t inent  parameters of each detect ing channel. 

Each de tec tor  has i t s  awn preamp-amplifier-discriminator combi- 

nat ion,  a l l  of which were chosen on the b a s i s  of s i m i l a r  temperature-voltage 

cha rac t e r i s t i c s .  Except for i ts  look angle, each de tec tor  i s  shielded by a 

minimum of 5.7 gms/cm2 of Cu shielding which represents  t h e  range of - 65 MeV 

protons and -11 Mev e lec t rons .  Figure 3 shows a view of one of t h e  de tec tors  

i n  i t s  housing. 

From Table l w e  see t h a t  events l y ing  between the two discr imi-  

na to r  l e v e l s  w i l l  be mainly due t o  e lec t rons ,  the  proton contr ibut ion being 

negl igible .  

d i f f e r e n t  geometric f ac to r s  i n  order t o  obtain an estimate of the omnidirectional 

background which would stem from penetrat ing p a r t i c l e s  and possible  bremsstrahlung. 

Above L - 2 inspect ion of detector  4 has proved t o  be a much handier method of 

es t imat ing t h e  importance of this possible  background contamination. 

Detectors 1 and 5 were chosen t o  have similar energy response and 

All detec tors  were ca l ibra ted  by obtaining t h e i r  e l ec t ron  de- 

t e c t i o n  e f f i c i ency  when connected t o  f l i g h t  e lec t ronics ,  i .e.,  t he  r a t i o  of 

t h e  number of e lec t rons  yielding pulses ly ing  between the two discr iminator  

l e v e l s  t o  the  t o t a l  number of e lectrons incident  on the  de tec tor  w a s  obtained 

as a function of e lec t ron  energy. Monoenergetic e lec t ron  beams up t o  1.8 MeV 

were obtained from a beta-ray spectrometer. 
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The r e su l t an t  e f f ic iency  curve i s  shown i n  Figure 4. A l l  

detec tors  were found t o  have an energy response within lG$ of t h i s  curve. 

Consequently, Figure 4 i s  used as the nominal response curve f o r  these 

de tec tors .  

It i s  seen t h a t  the  e f f ic iency  rap id ly  r i s e s  t o  a m a x i m u m  of 

- 0.95, remains approximately constant at  t h i s  maximum value u n t i l  

and then monotonically decreases t o  a value of 0.7. The m a x i m u m  e f f i c i ency  

i s  l imited t o  0.95 due t o  backscattering events, i n  which the  e lec t rons  deposi t  

less than 250 kev i n  the  de tec tor .  

800 kev, 

There a r e  two e f f e c t s  which lower the  e f f i c i ency  above - 800 kev; 

(1) above the penetrat ion energy (670 kev) the  most probable energy l o s s  i n  the 

de tec tor ,  (aE)prob, decreases with increasing e l ec t ron  energy, reaching a 

minimum of - 300 kev a t  1.5 MeV. This coupled with an observed f u l l  width a t  

ha l f  maximum of 120 kev i n  the  peak, shows t h a t  some e lec t rons  w i l l  

depos i t  less than 230 kev i n  the  detector  and thus not be counted; ( 2 )  there  

remains a s ign i f i can t  p robab i l i t y  tha t  an e lec t ron  of energy > 1 Mev w i l l  

depos i t  > 1 Mev i n  t h e  de tec tor  and thus not be counted as an e lec t ron .  

5 graphica l ly  shows the  above effects  taking place. The curves shown are  

t y p i c a l  spectrums taken with a lOOOp, detector .  

Figure 

Electrons of energy > 1.8 Mev were not ava i lab le  t o  us. We 

have thus assumed t h e  e f f ic iency  t o  remain constant a t  a value of 0.7 f o r  a l l  

energ ies  above 1.8 MeV. This i s  indicated by the dashed port ion of t h e  curve 

i n  Figure 4. 

energ ies  2 1.5 MeV. 

MeV i s  expected, as i s  a s l i g h t  increase i n  e f f i c i ency  a t  higher energies.  

The da ta  do indeed show a leve l ing  o f f  a t  a value of 0.7 a t  

The leve l ing  o f f  of t he  e f f i c i ency  i n  t h e  range 1.5 - 2.0 

This  i s  due t o  the  decreasing probabi l i ty  of deposi t ing 2 1 Mev i n  t h e  de tec tor  
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above 2.0 MeV. I n  l i e u  with increasing energy and t o  t h e  increase i n  (AF,) 

of experimental data above 2.0 Mev, w e  have assumed t h e  constant value of 0.7. 
pr  ob 

The shape of the efficiency curve discussed above w i l l  be a f fec ted  

by t h e  presence of shielding f o i l s  placed i n  f r o n t  of t h e  de tec tors .  Figure 6 

shows the  r e s u l t  of combining the  measured e f f i c i ency  curve of a pa r t i cu la r  

de tec tor  with the transmission probabi l i ty  curves [Birkhoff, 19581 f o r  the  

10.3 mg/cm A 1  and 412 mg/cm Cu f o i l s .  Also shown a re  t h e  experimental values 

obtained with the  f o i l s  i n  place.  

f o i l  mainly because these f o i l s  may be considered " thin"  f o r  a l l  energies p e r t i -  

2 2 

2 The agreement is  qui te  good f o r  t he  10.3 mg/cm 

nent t o  t h e  experiment. This i s  not t h e  case with the  th icker  f o i l s  used i n  the 

higher energy channels, 2 I n  Figure 6 we see t h a t  f o r  the  412 mg/cm f o i l  t he  

experimental values a r e  i n i t i a l l y  higher and subsequently lower than t h e  pre- 

d i c t ed  values.  This can be explained by the  f a c t  t h a t  an average energy loss 

i n  t h e  f o i l  w a s  used t o  obtain the  e l ec t ron  energy on the  e x i t  s ide  of the  f o i l .  

This w a s  done s ince the transmission curves give only the  f r a c t i o n a l  transmission 

through a f o i l  and y i e ld  no information concerning the  angular and energy d is -  

t r i b u t i o n s  of t he  emerging electrons.  Ignoring these d i s t r ibu t ions  and using 

an average energy a f t e r  t h e  f o i l  causes the  predicted value t o  behave as i n  

Figure 6 when a threshold e f f e c t  is being measured. A t  higher energies,  where 

t h e  f o i l  may be considered "thin", t h e  predicted and measured values should 

agree as they do fo r  t he  10.3 mg/cm2 f o i l s .  

The predicted eff ic iency curves with the  f o i l s  i n  place,  obtained 

from t h e  nominal-measured response curve of Figure 4, are shown i n  Figure 7. 

For consistency these predicted e f f i c i enc ie s  are used when converting from 

observed count rates t o  f l u x  values. I n  channels 2, 3, and 4, these e f f i c i en -  

c i e s  are upper limits and depending on the  assumed spectrum can y i e ld  an e r r o r  

i n  the  absolute f lux  of as much as 25%. The e r r o r  i n  channel 1 w i l l  be 5 15%. 
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A deta i led  study of the response of t h i s  instrument t o  pene- 

t r a t i n g  protons i n  the  inner Van Allen b e l t  is cur ren t ly  under way. It w i l l  

be published i n  the  near fu ture  as p a r t  of a paper on t h e  decay of t h e  arti- 

f i c i a l  b e l t  by t h e  authors (not  necessar i ly  i n  order) C.  0. Bostrom, D. S. 

Beall ,  and D. J. W i l l i a m s .  

The channel numbers referred t o  i n  Sect ion 1 I I . C  a re  i d e n t i f i e d  

as follows: Channels 1 t o  5 are the "window" counting rates f o r  de tec tors  1 

t o  5 given i n  Table 1. Channels 6 t o  10 are  the upper l e v e l  counting r a t e s  

f o r  detectors  1 t o  5 respectively.  I n  other words, t h e  t o t a l  counting r a t e  

f o r  de tec tor  Di i s  the  sum (C i  + Ci+?). 

B. Proton Spectrometer 

The proton spectrometer cons is t s  of two s o l i d  s t a t e  r a d i a t i o n  

de tec tors  located as shown i n  Figure 8. 

type, 500 microns th ick  and f u l l y  depleted. 

c e r t a i n  background measurements) are obtained by observing the  de tec tor  outputs 

both s ingly  and i n  coincidence as shown i n  t h e  following tab le :  

Each is  of t h e  s i l i c o n  surface b a r r i e r  

The several  energy ranges (and 

Channel Energy Range Mode of Operation 

1 1.2 - 2.2 MeV A5 
2 2.2 - 8.5 MeV A5 

3 8.5 - 25 M ~ V  AB 

4 25 - 100 MeV AB 

5 Channel 1 background XB 

6 Channel 2 background ZB 

The above energy ranges are a l l  obtained by s e t t i n g  discrimination levels at 

0.7, 2.0, and 8.5 Mev on both detectors and appropriately combining t h e i r  
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outputs.  The upper l e v e l  discriminator e l iminates  counts from those heavier 

charged p a r t i c l e s  which would deposit more than 8.5 Mev i n  the  de tec tor ,  and 

a l s o  counts from protons i n  a l i m i t e d  energy range which penetrate  t he  sh ie ld-  

ing and, because of grea te r  path length i n  the  de tec tor ,  deposi t  more than 8.5 

MeV. 

The d e t a i l s  of the detection system may be best  understood by 

reference t o  Figure 9, which shows the amount of energy deposited (pulse  he ight )  

i n  each de tec tor  as a function of incident proton energy. P a r t i c l e s  a re  con- 

s idered as  incident  normal t o  detector  A. 

Channels 1 and 2: Protons of energy less than 1 .2  Mev w i l l  not 

be counted s ince they  cannot pass through the aluminized mylar l i g h t  shield 

and t r i g g e r  t h e  lower l e v e l  discriminator a t  the  output of de tec tor  A. Protons 

i n  t h e  energy i n t e r v a l  1 .2  MeV t o  -8.0 MeV s top  i n  de tec tor  A, t r i g g e r  t he  

proper discr iminators ,  and a r e  counted i n  channel 1 or 2 .  I n  each case an 6 

anticoincidence is  required. 

Channel 3: Protons i n  the i n t e r v a l  8.5-25 Mev w i l l  pass completely 

through de tec tor  A, deposi t ing between 8.5 and 2.0 MeV i n  it, and fu r the r  w i l l  

leave between > 0.7 Mev i n  detector  B. An AB coincidence involving the  2.0-8.5 

MeV range i n  A is  required.  

Channel 4: Protons in  the  i n t e r v a l  25-100 Mev w i l l  pass completely 

through de tec tor  A, deposi t ing between 2.0 and 0.7 Mev i n  it, and fu r the r  w i l l  

l eave  > 0.7 Mev i n  de tec tor  B. An AB coincidence involving the  0.7-2.0 MeV 

range i n  A i s  required.  The upper energy l i m i t  of 100 MeV i s  somewhat fuzzy 

because pulse height  changes slowly with energy i n  t h i s  region. Protons of 

energy grea te r  than 100 MeV w i l l  leave less than 0.7 MeV i n  both de tec tors  and 

not r e g i s t e r .  The proper operation of t he  device requi res  t h a t  de tec tor  B be 

no th inner  than de tec tor  A. 
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Channels 5 and 6: Since de tec tors  A and B have s i m i l a r  shield-  

ing,  monitoring the  s ing les  r a t e s  i n  t he  0.7-2.0 Mev and 2.0-8.5 Mev ranges 

of detector  B (using k3 anticoincidences) w i l l  give background counting r a t e s  

due t o  penetrat ing p a r t i c l e s  t h a t  can then be used t o  cor rec t  Channels 1 and 

2. Some care must be used because the sh ie ld ing  i s  not i d e n t i c a l  and a 1 f o r  

1 subtract ion i s  of ten  not permissible. 

I n  addi t ion t o  the background monitoring done by Channels 5 and 

6, severa l  other forms of background must be considered: 

1. Accidental coincidences between de tec tors  A and B leading 

t o  false counts i n  Channel 3 and 4 can be calculated from 

t h e  A and B singles rates and the  c i r c u i t  resolving t i m e .  

The A s ing le s  r a t e  i s  given by t h e  sum of Channels 1, 2, 

3, and 4, and the  B s ing les  r a t e  i s  the  sum of Channels 

3, 4, 5 ,  and 6. The coincidence resolving time i s  4x10 -7 

sec.  

2. True AB coincidences w i l l  occur due t o  penetrat ing p a r t i c l e s  

passing backwards through the  system, i.e.,  i n  the  B-A 

di rec t ion .  2 The use of - 12 g/cm of copper (100 MeV proton 

range) behind detector B w i l l  reduce the  background i n  

Channel 3 t o  p a r t i c l e s  i n  the  range 100.83 t o  105.5 MeV and 

i n  Channel 4 t o  p a r t i c l e s  i n  t h e  ranges 100.76 t o  100.83 

and 105.5 t o  198.7 Mev. 

MeV i s  wide enough t o  contain any appreciable number of 

p a r t i c l e s ,  and it w i l l  therefore  weight Channel 4 (25-100 

MeV) somewhat toward the  high end. Since t h e  number-energy 

Here only t h e  range 103.5 t o  198.7 

spectrum falls  off rap id ly  with energy, t h i s  i s  not usua l ly  

ser ious .  
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3. Low energy electrons a r e  prevented from enter ing  de tec tor  

A, where pi le-up might produce f a l s e  pulses ,  by a sweeping 

magnet i n  f r o n t  of t h i s  detector .  

Most high energy (minimum ionizing)  e lec t rons  incident  

normal t o  detector  A w i l l  deposi t  only - 200 kev energy 

i n  each de tec tor ,  less than the  TOO kev threshold.  How- 

ever, t he re  i s  a background contr ibut ion t o  t h e  counting 

r a t e  of channel 1 because of the  f i n i t e  p robab i l i t y  t h a t  

a high energy electron w i l l  deposi t  more than TOO kev i n  

de tec tor  A. The e f f ic iency  f o r  t h i s  process has been 

measured and found t o  r i s e  sharply t o  a maximum of 9% at 

800 kev, and fa l l  r ap id ly  t o  < 2% at  1.8 MeV incident  

e lec t ron  energy. 

bu t  much smaller, contr ibut ion.  

4. 

Channel 5 (de tec tor  B) has a similar, 

1963 38c contains two proton spectrometers, one with i t s  a x i s  

normal t o  t h e  magnetic f i e l d  l i n e  ( c p  = 90") and one with i t s  ax i s  p a r a l l e l  

( c p  = 1-80') t o  t h e  f i e l d  l i n e .  

"looks" away from the  e a r t h  i n  the northern hemisphere. 

assemblies share common electronics  following preamplif icat ion and a re  commu- 

tated so t h a t  the  90" u n i t  i s  read i n  subframe A and the  180' u n i t  i n  subframe 

B. 

Note t h a t  cp = 180' means t h a t  t he  spectrometer 

The two de tec tor  

The channel numbers used above correspond t o  those given i n  

Sec t ion  1 I I . C .  

C. Omnidirectional Detectors 

The omnidirectional detectors  on 1963 38C cons is t  of th ree  

l i th ium-dr i f ted  s i l i c o n  s o l i d  s t a t e  de tec tors ,  each being a cube about 1.4 
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mm on a side.  They protrude through the  s a t e l l i t e  skin and have an unob- 

s t ruc ted  f i e l d  of view Over 2n sterradians.  The energy thresholds a r e  s e t  

pr imari ly  by hemispherical aluminum absorbers. Each de tec tor  has i t s  own 

preamplifier,  amplifier, and in tegra l  discriminator.  The discriminator 

l e v e l  i s  set at  250 kev f o r  a l l  detectors  and when t h i s  i s  combined with 

the  absorber thicknesses, we ge t  energy thresholds f o r  protons and electrons 

as given below: 

Detect or Electrons Protons Geometric 
Area Factor 

2 
A > 0.28 MW > 2.2 MeV -0.03 cm 

2 B > 0.41 MeV > 8.5 MeV 0.03 cm 
h 

L i  

C > 1.8 MW > 25 MeV - 0.03 cm 

v. General Cons i d e r a t i  ons 

The 1963 38c telemetry system is  Overdesigned from the  viewpoint of 

t ransmi t te r  power and as a r e s u l t  the data a r e  usual ly  very clean and very  

l i t t l e  has t o  be discarded. There have been various payload and instrument 

problems arise, however, and although most of these have been temporary we 

w i l l  attempt t o  enumerate those of which one should be aware i n  using the  data .  

A. Spacecraft  Problems 

A s  mentioned previously wi th  regard t o  the frame counter, the  

sa te l l i t e  can be commanded t o  e i ther  a "battery" or "solar  only" mode.  I n  

t h e  s o l a r  only mode, almost a l l  s a t e l l i t e  systems a r e  inoperative i n  the  dark. 

However, even i n  sunl ight  t h e  sa te l l i t e  may assume an a t t i t u d e  with respect  t o  

t h e  sun i n  which insuf f ic ien t  parer i s  generated by the s o l a r  c e l l s ,  r e s u l t i n g  

i n  a decrease i n  voltages,  It i s ,  therefore ,  recommended t h a t  t h e  + 6 and - 6 v. 
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l i n e s  be checked before using the data. This condi t ion may p e r s i s t  f o r  only 

one t o  severa l  minutes but  de f in i t e ly  a f f e c t s  observed counting rates. 

Ear ly  i n  i t s  l i f e  t h e  s a t e l l i t e  temperature rose t o  an ex- 

cess ive ly  high value. During these periods seve ra l  of the  s o l i d  state 

de tec tors  became noisy and subsequently recovered when the temperature 

dropped. 

t o  11O'F. 

Caution i s  urged whenever the  de tec tor  temperatures exceed 100' 

The 162 mc/s Doppler t ransmi t te r  f a i l e d  i n  Apri l  1964 and 

because of the power unbalance the  s a t e l l i t e  has been i n  " so la r  only" s ince  

then. The 324 mc/s t ransmi t te r  i s  s t i l l  functioning properly and the f a i l u r e  

had no ser ious  e f f e c t  on the  s a t e l l i t e  t racking  because of the r e l a t i v e l y  

crude information required.  

B. Instrument Problems 

To t h e  b e s t  of our knowledge, t he re  has been only one de tec tor  

f a i l u r e  of the 12 s o l i d  s t a t e  detectors  used i n  1963 38C. 

of t h e  e lec t ron  spectrometer ( E  2 3.6 Mev) has been in t e rmi t t en t ly  noisy 

s ince  e a r l y  December, 1963 and fo r  most of t he  time periods examined, has 

Detector number 4 

e 

been unusable. There are i so l a t ed  periods when the  de tec tor  i s  quie t  and 

can be used but  it i s  not recommended unless  grea t  care i s  taken. 

The e lec t ron  spectrometer channels 1 and 5 nominally d i f f e r  

only i n  d i r e c t i o n a l  geometric factor .  However, because of t he  construction 

of t h e  col l imators ,  t he  expected counting rate r a t i o  tu rns  out t o  be some- 

what spectrum dependent. Deta i l s  are  t o o  complex t o  be discussed here,  bu t  

i n  a hard spectrum l i k e  the  a r t i f i c i a l  zone, the  e f f ec t ive  geometric f a c t o r  

f o r  C3 i s  l a r g e r  than t h a t  given i n  Table 1. 
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The proton spectrometer experienced an in te rmi t ten t  failure 

i n  the  log ic  severa l  times during the first month i n  o r b i t  for periods o f  as 

much as a day. The cause i s  unknown but  t h e  symptom is loss of channels 2 

and 3 (i.e.,  a l l  zero counts).  

inner  zone, but  not a t  all apparent a t  high l a t i t u d e s .  To our knowledge, t h i s  

failure has not reoccurred s ince October, 1963. 

malfunction of any of t he  omnidirectional de tec tors .  

The failure is  obvious f o r  passes through the  

There a re  no known cases of 

W e  have no indicat ion t h a t  any of t h e  de tec tors  or the associ-  

a t ed  e l ec t ron ic s  have suffered any long term degradation o r  d r i f t  over t h e  

first two years of sa te l l i t e  l i f e .  Since we do not have in - f l i gh t  ca l ib ra t ion ,  

t h e  above statement i s  based on consis tent  behavior of the instruments i n  

regions of space where l i t t l e  change is  expected. 

The f lux-gate  magnetometers apparent ly  s u f f e r  from ca l ib ra t ion  

unce r t a in t i e s  as evidenced by the r a t i o  B measured/B calculated.  

bel ieved t h a t  most of t he  t rouble  is  due t o  zero o f f s e t  and therefore  the 

computed angles may be incor rec t ,  but t he  excursion indicated should be 

r e l i a b l e .  

sa te l l i te  osc i l l a t ions  about t h e  f i e l d  l i n e  increased i n  amplitude t o  > 10' 

f o r  some mysterious reason. One r e s u l t  of a la rge  amplitude o s c i l l a t i o n  i s  

t o  introduce excessive s c a t t e r  i n  the measurements of trapped rad ia t ion .  

It i s  

On a t  l e a s t  one (June 1964) and possibly severa l  occasions, t he  

C. Other Problems 

An erroneous ephemeris can be the  r e s u l t  of timing e r r o r s ,  e i t h e r  

i n  t h e  receiving s t a t i o n s  or i n  the data processing, or from human and computer 

e r r o r s  i n  generating Kepler elements. A l l  of t h e  above e r r o r s  have occurred 

( inf requent ly) ,  and w e  bel ieve tha t  a l l  have been found. However, there  may 

be i so l a t ed  passes which a r e  wrong and have not been corrected.  
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I Although the  abwe  l i s t  of problems may appear long, two things 

should b e k e p t i n  mind. F i r s t ,  most of t he  problems enumerated are infrequent,  

o r  i so l a t ed  t o  one de tec tor  and/or t i m e  period. Second, most can be r ead i ly  

detected by anyone who i s  familiar with the  data.  We, therefore ,  repeat  the  

statement made i n  the  introduct ion t h a t  anyone wishing t o  use the da ta  should 

take  the  t i m e  t o  become familiar w i t h  the  instruments and their  behavior. 

For fu r the r  information please contact t he  Project  S c i e n t i s t ,  

Dr. Carl 0. Bostrom, The Applied Physics Laboratory, The Johns Hopkins 

University,  8621 Georgia Avenue, S i lver  Spring, Maryland, telephone no. 

776-7100, x 2066. 
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FIGURE CAPTIONS 

1. Diagramatic view of s a t e l l i t e  1963 38c. 

2. Alignment of s a t e l l i t e  1963 382 th ree  days a f t e r  launch. 

and minimum values of @ are 90 f a degrees. Where and when t h i s  occurs 

i s  a funct ion of s a t e l l i t e  ro t a t ion  and precession rates. The time 

v a r i a t i o n  shown above r e s u l t s  from satel l i te  nutat ion.  The observed 

period of - 7.6 min. agrees well with a predicted per iod of 7.36 min. 

The maximum value of a i s  l a t i t u d e  dependent, being l a r g e r  at  the  

equator; and has been typ ica l ly  less than 6". 

The maximum 

3. Port ion of e lec t ron  spectrometer showing one of t he  f i v e  de tec tors  i n  

i t s  housing. 

4. Electron de tec t ion  e f f ic iency  versus incident  e l ec t ron  energy f o r  a 

lOOOp, surface b a r r i e r  detector  without shielding f o i l s .  

occurs i f  an output pulse l i e s  between the  250 kev and 1 MeV discr imi-  

nat ion l eve l s .  

Detection 

5.  Dis t r ibu t ions  of DE i n  a lOOOp surface b a r r i e r  de tec tor  f o r  various 

incident  e lec t ron  energies.  

6. Electron de tec t ion  e f f ic iency  versus incident  e l ec t ron  energy f o r  a 

lOOOp, surface b a r r i e r  detector with indicated sh ie ld ing  f o i l s  i n  place. 

The s o l i d  l i n e  is  the  predicted curve. Points  are experimental values.  

7. Predicted e lec t ron  detect ion e f f i c i e n c i e s  versus inc ident  e lec t ron  

energy f o r  the  four  shielding f o i l s  used i n  t h e  e l ec t ron  spectrometer. 

8. Proton Spectrometer, 1963 3 8 ~ .  

9. AE vs. E f o r  Proton Spectrometer de tec tors  A and B. 
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